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ABSTRACT 

This paper examines the role of technology in 
restructuring education by analyzing how it influences seven 
important relationships in the educative process: (1) teacher-student 
relationships; (2) student-content relationships; (3) teacher-content 
relationships; (4) student-context relationships; (5) teacher-context 
relationships; (6) content-context relationships; and (7) educational 
system-environment relationships. After a brief historical overview 
of the uses of technology in education, the paper discusses the 
nature of systems in education and examines the process of 
restructuring through systems change in the seven pairs of 
relationships as they exist today and as they might change in a 
restructured educational system. How educational technology can 
empower teachers and students is then discussed with emphasis on how 
electronic technology is transforming the way information is 
communicated and processed. A brief discussion of the role of the 
teacher in evaluating the worth of content — i.e., selecting the best 
of culture for sharing with students — concludes the report. (ALF) 
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Introduction 



Scenario 1 (present time). Ms» Dubois, a high school biology teach- 
er, is using a model skeleton to point out the different bones in the 
human body and their scientific names to the 27 students in her 10th- 
grade Biology I class, which meets from 10:10 to 1 1:00 a.m. Most 
of the students are watching and listening as Ms. Dubois lectures. 
Some are taking notes. Others are looking at the illustration of the 
skeleton in their biology textbook as Ms. Dubois j)oints to various 
bones on the skeleton model. Some Zzz. . . 

Scenario 2 (some years later). Ms. Dubois is meeting at 10:25 a.m. 
in a small conference room with Ben, one of the 72 students in her 
biology class. She is reviewing the instructional modules he has suc- 
cessfully mastered in the past three weeks. Ben indicates that he wants 
to study human anatomy during the next three weeks, since he has 
mastered all the prerequisites. Ms. Dubois electronically copies to 
Ben's computer disk a list of instructional modules on human anato- 
my available in the science learning laboratory. She and Ben discuss 
the order in which he should begin studying the instructional modules. 

Meanwhile 24 of the 72 biology students have been working all 
morning in the science lab on a variety of biology topics they have 
selected to investigate. A high school senior planning to major in bi- 
ology in college serves as the media attendant and supervises the lab, 
while Ms. Dubois meets individually with students to review their 
progress on their individually tailored educational programs. 
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At one of the interactive video workstations (a combination of video 
and computer technology) three students are working together on an 
instructional module on the human body. This module is a simula- 
tion of an emergency room at a hospital. The three students take on 
the role of a team of physicians. Each time they repeat the simuia- 
tion, a new person comes to the emergency room with a serious inju- 
ry or illness. The team's task is to try to identify the patient's problem 
in order to recommend appropriate medical treatment. If they are right, 
the patient **lives.'' If not, they may lose the simulated patient, A real 
physician on the videodisc provides hints and clues when needed and 
explains why their diagnoses are on-target or not. These studems have 
at their fingertips an extensive illustrated medical reference also stored 
on the videodisc, which includes information on muscles, bones, or- 
gans, diseases and their symptoms, animations of various systems in 
the human body, and so on. They frequently consult the references 
as they proceed through each case. While they realize they are "play- 
ing doctor," they are learning a lot about the human body. 

These three students have been doing this emergency room simu- 
lation for nearly a week. They are now on their 51st case. After work- 
ing continuously for nearly one and a half hours, they successfully 
identify this patient's problem. Now that they have progressed this 
far, the cases are getting much harder. Elated at their success, they 
then relax by watching a videotape of orthopedic surgery on a motor- 
cycle accident victim. They see some of the same bones they encoun- 
tered in the medical reference material as they watch the surgeon first 
look at the X-rays and then insert metal pins into the victim's broken 
bones to hold them together. 

On this morning, the other 48 biclogy students are learning about 
ecology firsthand. They are out in the community working on the 
restoration of a wetlands preserve, a service project the school has 
undertaken as part of its environmental education program. 

Scenario 1 depicts a typical teacher-student relationship and a typical 
student-content relationship in high schools today. Scenario 2 depicts 
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a different kind of student-teacher and student-content relationship, 
which could exist in a school restructured through technology. How 
do we get from here to there? In this fastback I examine the role of 
technology in restructuring education by analyzing how it influences 
these two essential relationships in the educative process, as well as 
five other important relationships. To provide perspective, I begin 
with a brief historical overview of the uses of technology in education. 
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A Journey from the Past 



T^echnology has significantly transformed education at several ma- 
jor turning points in our history. In the broadest sense, the first tech- 
nology was the primitive modes of communication used by prehistoric 
people before the development of spoken language. Mime, gestures, 
grunts, and drawing of figures in the sand with a stick were methods 
used to communicate — yes, even to educate. Even without speech, 
these prehistoric people were able to teach their young how to catch 
animals for food, what animals to avoid, which vegetation was good 
to eat and which was poisonous. 

As these primitive modes of communication evolved into spoken 
language, a second major technological breakthrough occurred. Know- 
ing how to speak and understand a language allowed people to edu~ 
cate the young through story telling. Through stories and drama the 
older generation could communicate their accumulated knowledge and 
experiences to the younger generation, who in turn would remember 
the stories and then tell them to their children. It might be fair to say 
that spoken language restructured educational practices thousands of 
years ago. 

The next major technological breakthrough was written language. 
Cave paintings evolved into symbols, since abstract ideas were diffi- 
cult to portray iconically or through drama. And these ideas could 
be recorded as symbols on stone tablets. Clearly educational practice 
was transformed by writing and reading. Students could learn tlirough 
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reading the symbols on the stone tablets. And most important, hu- 
man experiences could be preserved from generation to generation 
on the stone tablets without relying solely on memory. 

The advent of parchment, papyrus, and paper was also an advance- 
ment in technology. Heavy stone tablets were difficult to carry long 
distances, so recorded information was not very pon^ble. With parch- 
ment scrolls, scholars could now carry their information with them 
and could look up things they had forgotten. And scribes could write 
on scrolls with ink much faster than chipping away on stone tablets. 
Again, technology improved conmiunication; and what was known 
could be disseminated ftirther and faster to more people. 

Only a few centuries ago the printing press was invented. This her- 
alded a dramatic transformation in educational practice. Students no 
longer had to copy down everything the teacher sa'd (or read aioud 
from scrolls), Reading from scrolls changed to reading from books 
- lots and lots of books. No doubt some eager students suffered from 
"information overload'' with all the books coming off the printing 
presses. Through books the accumulated knowledge could reach many 
more students, not just a select few fix)m the wealthy class who could 
afford private tutors to educate their children. Smdents no longer had 
lo sit in the presence of the teacher in order to learn. They could read 
the book. Textbooks were invented. And so was homework. 

And it was only a few decades ago that electricity began to trans- 
form the ways in which information was transmitted. Radio was in- 
vented, then television, then the computer. Information in audiovisual 
form could be recorded, played back, or transmitted electronically. 
Now we can watch videotapes in our homes. The tapes are often 
cheaper than books and much easier to copy. Students do not have 
to be there when an event happens. A teacher demonstration or a 
school play can be videotaped and students can view it at their lei- 
sure. They can play the tape over and over if necessary. They also 
can watch the 6 o'clock news and simultaneously tape Bill Moyers* 
documentary for later viewing. 
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Television has transformed education - although not necessarily 
in ways that educators would approve. Television is a new teacher 
that communicates messages worldwide through inrages and sound. 
Smell, taste, and touch are missing, but the messages are still more 
vivid than the static printed word. Talk about potential for influence. 

Meanwhile, public schools are still waking up to the fact that tele- 
vision's new teachers have taken over. These teachers may not have 
the proper credentials, but they are influencing — yes, educating — 
our youth. Ask young people who Michael Jordan is, or Michael Jack- 
son, or Madonna, then look at what they are wearing on their feet 
or watching on MTV. This is the generation brought up on Sesame 
Street. 

Some may take exception to my claim that Michael Jordati, Michael 
Jackson, and Madonna are some of our new **teachcrs." Clearly, they 
are not school teachers. But that is my point. Schooling is a narrow 
conception of education. Schools are one way of educating but cer- 
tainly not the only way. Madonna is a teacher and her '^students*' are 
all those who follow her music and watch her videos. She's sending 
out a message — brass brassiere and all — a message of sexuality 
and rebellion; and lots of our younger generation are getting it. We 
may not like her music or her message, but that's beside the point. 
She has been smart enough to take advantage of the technological revo- 
lution that has transformed communication. She has outfoxed us edu- 
cators. Technology is transforming education right before our eyes. 

I'm a teacher, too, and fall somewhere in time between Socrates 
and Madonna. At least I have adapted to the computer age, the latest 
form of technology to transform education. As I sit at my home com- 
puter, I realize that it is a far cry from carving on tablets or painting 
on cave walls. For example, I recently sent electronic mail copies 
of a four-page paper to several colleagues. And with a push of a but- 
ton on my keyboard, I can send my **paper" all over the world through 
a series of computer networks. Stil! , I can't help but wonder why I 
am sitting here making symbolic scribbles of light by tapping on keys. 



which will be run out in text, then printed by a press on paper and 
distributed as a smaU, inexpensive booklet caUed a fastback. Tm think- 
ing interactive video would be a much more effective way to get my 
message across. Maybe I should take lessons from Madonna and 
Michael. But here goes - in print. 

Red rover, red rover. 
Madonna move over! 
Ready or not. 
Here we come. 
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Education and Educational Systems 



M y thinking about the role of technology in restructuring educa- 
tion has been shaped by what I learned from one my professors, a 
wise and caring educational philosopher named Elizabeth Steiner. She 
contends that the essence of education consists of teachers, students, 
content, and contexts. For education to occur there must be a teacher 
who guides, a student who intends to learn, content to be learned, 
and a context or setting in which the guidance and learning occur. 
Education also occur:> in an environment consisting of the surround- 
ing community and its culture. Let me elaborate on each of these es- 
sential elements of education, which will serve as a preface to my 
ideas about the role of technology in restructuring education. 

Education cannot occur without a teacher. A teacher is one who 
guides or leads. To guide does not necessarily mean to instruct direct- 
ly. We often think of teaching as direct instruction (presenting infor- 
mation, asking questions, giving feedback, demonstrating some 
procedure, evaluating student progress, and so on). But a teacher can 
guide without instructing directly. A good example is the Montessori 
system of education. In a Montessori school, most of what a child 
learns is through interacting with a variety of curriculum materials 
in a particular context. A Montessori teacher does much less direct 
instruction than do teachers in traditional schools. 

Fm a college professor and I teach classes, but it took me a long 
time to realize that much of the teaching I do is outside the class- 
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room. Students come to my office with questions or asking for ad- 
vice, or they send me E-Mail that I can read and reply to at my home, 
or they call me on the phone. I often respond by suggesting sources 
of information, such as books, manuals, and computer programs, or 
by referring them to more advanced students. I loan out lots of my 
own books, papers that 1 or others have written, and my computer 
files. I often find myself saying, "Read this or do this learning activi- 
ty on your own and then come back and well talk some more." 

Even though I teach only one or two formal classes a day, I spend 
a great deal of my waking hours interacting with students who want 
my advice and guidance. Only about half of that interaction is face- 
to-face in the classroom, in my office, and in the halls. The rest is 
mediated by electricity — some by telephone, quite a bit by E-Mail 
these days, and yes, still a good deal by print on paper. In short, much 
of my work as a teacher does not involve direct instruction. 

Education cannot occur without a student who intends to learn. Ac- 
cording to Steiner, if a student does not intend to learn, then no edu- 
cation is going on. A student's mere presence in a classroom is no 
guarantee that education is occurring. There has to be an intent to 
learn, which is facilitated by the guidance of a teacher. But this guid- 
ance does not have to involve face-to-face contact, nor does it need 
to occur in a classroom. 

Education cannot occur without content. The content is what is 
shared between successive generations. Students must interact with 
content in order to construct understandings and their personal values 
and beliefs. Content is not just math, English, or biology. And con- 
tent is not found in books or computer programs or on the television 
screen either. Content is the stuff of human thoughts, ideas, aspira- 
tions, feelings, and attitudes. What is found in media such as books 
and TV are representations of content. The content may be symboli- 
cally coded in language only, or it may be conveyed through drama, 
for example. 
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Education cannot occur Mnthout a context for teaching and learn- 
ing. The context for education is much broader than the schools. For 
example, education occurs in the context of the home, where some 
of what is learned may not be necessarily good. But nothing in the 
definition of education says it has to be good. Another context for 
education is found in our inner cities where youth organizations such 
as the Boy's Club, Girl's Club, YMCA, and YWCA are providing 
valuable learning experiences for youngsters from destitute families, 
broken families, or no families. Staff working in these organizations 
may not consider themselves educators, but they are. And the young- 
sters who go to these youth organizations do so voluntarily. They want 
to be there; in some cases they have to earn their way in by getting 
off drugs. These youth organizations are one example of restructured 
"schools"; they clearly are an educational system, one quite different 
from the public school system. 

Education occurs in an environment consisting of the surrounding 
community and its culture. The environment surrounding the educa- 
tional system operated by the inner-city youth organizations can be 
quite depressing. Streets are unsafe, parents are often gone when their 
children return home, siblings may be drunk or drugged, and push- 
ers drive Mercedes. This is a grim environment in which the youth 
organization educational systems operate, but an environment nonethe- 
less. There is a grim environment, too, in some of the homes in 
wealthy suburban areas, where the needs of children are ignored, 
where consumption becomes the most important thing in life, and 
where success means earning lots of money. There are, of course, 
healthy environments in the inner cities, in the suburbs, and in rural 
areas, where parents care about their children and their futures and 
where a lot of good nurturing is occurring outside of school. 

When education is perceived in terms of the essential components 
described above, it is clear that we are talking about more than what 
occurs in our school systems. There are, in fact, many systems. So 
now let us turn to the idea of systems in education. 
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The Nature of Systems in Education 

The concept of systems is really quite simple. The basic idea is that 
a system has parts that fit together to make a whole; but where it gets 
complicated - and interesting - is how those parts are connected 
or related to each other. There are many kinds of systems: govern- 
ment systems, health systems, military systems, business systems, 
and educational systems, to name a few. As we shall see, the concept 
of system becomes a powerful metaphor when tliinking about the role 
of technology in education. 

When we speak of an educational system, the first thing we need 
to do is to expand our mind-set, just as we did in defining education 
as broader than schooling. Customarily we think of an educational 
system as a school district consisting of teachers, administrators, and 
smdents in a number of school buildings in a particular conmiunity. 
But this is only one way that an educational system can be physically 
structured and organized. 

Another way to think about an educational system is to take the 
four essential components of education described earlier (teachers, 
students, content, and contexts) and then examine the relationships 
among these four components. Using a systems approach, I find six 
kinds of relationships among the four components: 

1 . Teacher-student relationships 

2. Student-content relationships 

3. Teacher-content relationships 

4. Student-context relationships 

5. Tepcher-context relationships 

6. Content-context relationships 

A seventh and very important relationship is that between the educa- 
tional system and its environment. 

When we talk about restructuring schools through technology, we 
should be concerned with the kinds of changes that might be made 
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in one or more of the seven basic relationships in an educational sys- 
tem as described above. In the next chapter we shall examine some 
examples of how technology can change the seven relationships in 
our systems model. 
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Restructuring Through Systems Change 



X he systems model proposed here can serve as a framework for 
thinking about typical examples of relationships in current educational 
systems. In the following sections, the seven pairs of relationships 
are considered. I first list examples of typical relationships that now 
occur'^in schools, followed by a section titled "What if," in which I 
discuss some possible ways these relationships might change in a re- 
structured educational system. My intent here is not to forecast or 
suggest changes that will, or ought to, occur but rather to stimulate 
your thinking about possibilities. 

Teacher-Student Relationships 

Now 

• Teachers present information orally and visually to groups of 
students. 

• Teachers assign the same readings and exercises to an entire 
group of students. 

• Teachers grade students' homework and tests and provide feed- 
back on their progress, 

• Teachers supervise student seatwork when not directing group 
activities in the classroom. 

• Teachers answer students' questions. 

• Teachers seldom individualize instruction because it is imprac- 
tical under current conditions. 
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• Teachers discipline students who misbehave. 

• Students ask teachers questions when they do not understand 
some learning task. 

• Students listen to teacher lectures and watch demonstrations. 

• Teachers usually select the content to be learned and decide how 
long students should take to learn it. 

• Most communication between students and teachers is face-to- 
face and to a lesser extent by writing. 

• Teachers and students typically spend a limited amount of time 
together in a teaching-learning relationship, usually an academic 
year (9 to 10 months). 

What If 

How might the relationship between teachers and students change 
in a restructured educational system? If electronic information tech- 
nologies were used to deliver instruction to students (computer-based 
tutorials, simulations, guided -practice exercises, interactive video, 
hypermedia), then several basic changes could take place. First, a 
student would have a multitude of teachers, not just one or a few ai 
some point in time. Each of those teachers would be communicating 
with students via the technology as authors of computer-based learn- 
ing materials in which information is presented, appropriate interac- 
tive tasks with feedback are provided, and achievement is assessed. 
Thus, much of the interaction between teachers and students would 
be indirect, not face-to-face. 

On the other hand, a student's "executive'' teacher could estab- 
lish a more individualized relationship with each student. By being 
freed from the role of information provider to groups of students, 
the executive teacher would then have more time to establish an in- 
dividual plan of instruction with each student. The executive teacher 
would be more like a manager of a student's learning experiences by 
being available to answer students' questions or by dealing with con- 
tent and feedback not adequately presented in the technology-medi- 
ated learning experiences. The executive teacher might also have more 
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time to get to know students personally and listen to what is on their 
minds, 

Student-Content Relationships 

Now 

• Students too often find subject matter to be meaningless, dis- 
connected from real life. 

• Student interaction with content is mostly passive (listening, 
reading, or watching). 

• Students most often must deal with content that is abstract or 
in symbolic form (written/spoken words) and less often with con- 
tent that is in iconic, representational, or concrete form. 

• Students encounter content that typically is static, not changing 
as knowledge or events change. 

• Students seldom choose what content to learn, when to learn 
it, how long to spend on it, or how deeply to delve into it. 

• Man> students fail to master learning objectives since the rate 
of learning is externally paced much of the time, 

• Many students are bored with, or alienated from, the subject 
matter they are expected to learn. 

What If 

How might the relationship between students and content change 
in a restnictured educational system? Compared to reading a text- 
book, students would become more actively engaged in learning by 
interacting with technology-mediated learning materials. Such materi- 
als, if well designed, would give students numerous opportunities to 
respond and would provide immediate feedback in the form of cor- 
rections or additional information. During computer-based simula- 
tions, feedback would occur when a student experiences the 
consequences of his or her actions. Students would have more con- 
trol over the pace of their learning and spend as much time as needed 
to master particular learning objectives. The decision of when to move 
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on to subsequent objectives would not be determined by the average 
group achievement but rather by the individual student s progress. 
Students actively engaged with content and experiencing success with 
it would be more enthusiastic about the subject matter they are study- 
ing. Finally, when the content is technology mediated, it becomes 
possible to present it more dynamically in aural and visual modali- 
ties using interactive video. 

Teacher-Content Relationships 

No^y 

• Teachers have learned most of the content they teach during their 
formal education in college but are mostly on their own with 
regard to further learning once they are in the classroom. 

• Teachers' past relationships with content are similar to those 
described above for students and are subject to the same limi- 
tations. 

• Teachers have little control over what content is to be covered 
and when. Such control rests primarily with textbook publish- 
ers and with state and local curriculum guidelines. 

• Teachers most often are required to use externally produced 
learning materials, such as textbooks, workbooks, films, video- 
tapes, and computer courseware. 

What If 

Teachers would be able to further their own learning by using the 
same kinds of technology-mediated materials as students use. Teachers 
would be able to design and produce instructional materials them- 
selves using computer-based authoring systems, desk-top publishing, 
video technology, and so forth. Teachers would be developing some 
of the content for their classes rather than relying almout exclusively 
on externally produced materials. 



Student-Context Retationships 



Now 

• Students attend class in separate rooms, usually in a large build- 
ing with hundreds of other students. 

• Students spend most of their time in school with a group of oth- 
er students who are in the sanne grade and are about tlie same age. 

• Schedules, bells, and the school calendar dictate the teaching- 
learning process. Students attend 40- to 50-minute classes, five 
days a week for 180 days a year. Little organized learning goes 
on in the late afternoon, evenings, on weekends, or during the 
summer. 

• Students spend a considerable amount of their time reading 
printed material and writing about what they have read. 

• Smdents typically sit at desks oriented toward the front of the 
room. 

• Secondary students have little private storage space for personal 
effects except for a locker in the hall. 

• Smdents tend to be isolated from the rest of the world while 
in school — from the community, from telephones, and from 
computer networks. 

Wfwt If 

Since information technology can bring many more teachers to a 
student, there would be no need to continue the large, consolidated 
schools that have become prevalent in the U.S. The original argu- 
ment for consolidation, particularly at the secondary level, was to 
support a broader curriculum offering more specialized courses, such 
as advanced mathematics, science, and foreign languages. Remming 
to the small neighborhood school would be possible and practical. 
Teachers of specialized subjects can traver electronically to the neigh- 
borhood schools. 

Modem educational technologies make individualization of in- 
struction truly possible for the first time. There would be no need 
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to continue the lock-step system of grade levels - nor ability group- 
ing — since a teacher would not need to teach to the middle of the 
group. If a mastery learning approach is adopted, then different stu- 
dents would learn at different paces; mixed-age groups would become 
possible. The goal would not be promotion to the next grade but rather 
the mastery of educational objectives by each student. The drudgery 
of record keeping as well as some forms of achievement assessment 
could be handled by computers. The report card could be replaced 
by a computer disk containing a detailed history of each student's prog- 
ress; and it could be accessible to the teacher, the student, and par- 
ents — at any time. 

A student's desk could be replaced by a computer workstation con- 
nected 10 a computer network in the local school system, which in 
turn could be linked to other networks around the world. There is 
no reason why these interactive workstations need to be located in 
conventional classrooms. It might make more sense to cluster work- 
stations in terms of function (interactive video, word processing, in- 
formation searching), where the hardware needs will vary. 

Currently schools have few secure places for students to put their 
things - textbooks, notebooks, and personal effects. How can stu- 
dents feel like they belong if the facility has no designated places for 
them to put their own stuff? In most homes, parents and children nave 
some space that is their own. It is certainly feasible for each student 
to have his or her own computer system at school, accessible at all 
reasonable hours, year round. Furthermore, students could take port- 
able computer systems home. For years they have taken textbooks 
home to study. Why not their portable computers? Or why not com- 
puter terminals at home for access to school computers? Certainly 
some specialized computer systems will need to be shared by numer- 
ous students. However, private storage space can be made available 
on these systems so each student has a place to put his or her projects, 
'^papers,'' notes, electronic mail messages, etc. 

Finally, one further change that could occur, particularly with old- 
er students, is that they would not have to be in school in order to 
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get an education. Their learning could occur at home if they had ac- 
cess to computer technology and appropriate learning modules. Lord 
Walter Perry, former vice-chancellor and one of the founders of the 
Open University in Great Britain, predicts that in the 21st century 
we will be forced into this kind of home learning, because it will be- 
come too expensive to transport students to school on a regular basis. 

Te^c!\ier-Context Relationships 

Now 

• Teachers work in a classroom, typically one teacher to a room 
with from 20 to 30 students at any given time. 

• Teachers, by and large, are isolated from the rest of the world 
while at work in the classroom. 

• Teachers have limited opportunities to discuss their work with 
colleagues, 

• Teachers usually present information by using chalkboards and 
overhead projectors. 

• Teachers mark students' work by writing corrections and com- 
ments in red ink on their papers. 

• Teachers often spend time at home - outside of regular school 
hours - preparing lessons and grading student homework and 
tests. 

• Teachers seldom work with students outside the school setting 
- at home or in the conmiunity, 

• Teachers typically have little private storage space, beyond a 
desk in a classroom, for keeping learning materials and other 
professional materials. In essence a teachers "office'' is the 
classroom. 

Wlwt If 

One significant change is that teachers could become technologi- 
cally linked to the rest of the world. They could access information 
electronically. They could communicate with each other as well as 



with students and parents using E-Mail. Teachers could instruct from 
their own homes using computer and telephone networks to students* 
homes. Audio-graphic technology would allow live interaction be- 
tween teachers and students. The sound would come through tele- 
phone speakers; and students would see text and graphics on their 
computer screen, which becomes the teacher's electronic chalkboard, 
so to speak. And most important, each teacher would have his or her 
own computer system, plus a telephone for sending and receiving voice 
mail. 

Content*Context Relationships 

Now 

• Much content is embodied in print format in texts, workbooks, 
dictionaries, encyclopedias, and periodicals. 

• Much content is static and is slow to change, even after knowl- 
edge changes. 

• Much content is presented in a verbal, abstract form — less of- 
ten in iconic, representational, or concrete formats. 

What If 

Content could be presented in a variety of formats via multi-media. 
Dynamic processes could be illustrated. Content in the form of text, 
still pictures, video, sound, graphics, or animations could be digital- 
ly or analogically encoded and stored in electronic, magnetic, and 
optical technologies. This encoded information could be transmitted 
literally around the world in a maner of seconds. The electronic global 
village that Marshall McLuhan envisioned is now a reality, as dra- 
matically illustrated recently by the CNN World News live coverage 
of the Persian Gulf War. 
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Educational System-Enviroiiment Relationships 

Now 

• Parents or other communiry members have little communica- 
tion with or panicipation in teaching-learning experiences in 
school. 

• Students and teachers have to go to school in order to engage 
in learning experiences. 

• Students attend school for only a Umited period (not in even- 
.ings, on weekends, during summers); many are bused; and all 
come and go at basically the same times. 

• Most formal educational activities occur in schools, not out in 
the community. 

• Public schools serve students between the ages of 5 and 18, but 
most of the rest of the community is excluded from participa- 
tion in formal education. 

• Teachers are certified and licensed by state agencies. 

• School boards, elected by the local community, monitor the ad- 
ministration and operation of the educational system. 

• Curriculum materials are selected primarily from those produced 
by commercial publishers. 

• Educational systems have few communication links with the out- 
side worid, such as computer networks and TV cable or satel- 
lite access. 

• Educational systems are highly centralized, making it difficult 
for community members to have much direct influence on what 
happens in the system. 

What If 

In the future, telecommunications technologies could significantly 
alter the kinds of relationships between educational systems and their 
environments. As a resuh of consolidation, U.S. school systems have 
become rather large and highly centralized. This requires students 
to be bused to and from school on strict time schedules. Telecommu- 
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nications technologies could change this, making educational systems 
much more open and flexible. School districts could become less cen- 
tralized, with more smaller neighboihood schools. Some aspects of 
formal education also could be carried out in the home setting or oth- 
er non-school settings in the conmiunity. And community resource 
people could be **brought in** to the classroom via telecommunica- 
tions. In a restructured educational system, there could be a greater 
variety of **teachers.** The educational resources of the system could 
be used by community members during evenings and on weekends. 

There are many ways that educational systems could be restruc- 
tured. In the discussion thus far, I have attempted to show one way» 
using basic concepts from general systems theory (system, compo- 
nents, component relationships, system environment) and from educa- 
tional theory (teacher, student, content, context). I identified seven 
fundamental kinds of relationships that exemplify those basic con- 
cepts from systems theory and educational theory and then listed a 
few examples of how technology could significantly change those rela- 
tionships, thus leading to educational restructuring. I don't know how 
things will turn out, but I strongly believe that teachers should be 
leading the change. And I am not referring just to school teachers, 
but to all teachers. 

Red Rover, Red Rover, 
Madonna come over. 
We need your help, too. 
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Educational Technology Can 
Empower Teachers and Students 



In my brief history of technology, I pointed out how technology 
changes what teachers and students can do. Ancient teachers took their 
students to the cave to see the drawings. Then came carved stone 
tablets carrying important informatioii. Next came writing on paper. 
Plato the philosopher was able to use the technology of writing on 
paper to share his wisdom and that of his teacher, Socrates, with gener- 
ations of humankind over the last 2,400 years. 

Here I am trying to do the same thing, in the same medium. But 
instead of pen and paper, I have a computer to help do my writing. 
In fact, I have my own ^'printing press" in the form of desk-top pub- 
lishing. I seldom carry books back and forth from my office to home. 
Often I just stick a floppy disk into my shirt pocket. Increasingly, 
I don't even carry a disk along, because I have transmitted the infor- 
mation electronically to somewhere I can access from my office and 
home. And so can my students. I put documents and software that 
my former students and I have written on a computer system, which 
my current students can access through a computer network. I sel- 
dom give paper hand-outs but instead tell students the name and lo- 
cation of the computer file, which they can then access to read or 
make a paper copy to read, or if they prefer, to copy electronically 
onto their own floppy disk. 

We teachers and students no longer need to lug around heavy stone 
tablets, or armloads of scrolls, or stacks of books. All we need to 
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do is **plug into*' the world of electronic information. We need to be 
carrying around our personal computers and video cameras and creat- 
ing our own interactive video instruction. An electronically mediated, 
two-way conversation can now go on between student and teacher. 
Our students can now send messages to the medium and in turn re- 
ceive messages. The medium has become a two-way street. Com- 
puters and video are our new chisel and tablet, our new pen and paper, 
our new chalk and eraser, our new textbook. 

This electronic technology is transforming how information is com- 
municated. New teachers are learning how to use it effectively. They 
are using technology to en^wwer themselves. However, many teachers 
are not yet comfortable with technology of the kind we are discuss- 
ing here. They are concerned that their role will be taken over by 
machines. Let me put such concerns to rest. Don't worry, there is 
no HAL (the intelligent computer in the film, 2001: A Space Odys- 
sey), Remember that electronic media are just that. They convey mes- 
sages. It is we teachers who must su{^ly the content of those messages. 
That has always been our role, though some of us may have forgot- 
ten it because of the dominance of textbooks in our current system 
of schooling. 

While computers are very good at certain tasks, such as diagnos- 
ing equipment malfunctions or performing mathematical ftmctions, 
they are morons at doing things your dog or cat can do, such as recog- 
nizing you and acknowledging your presence. Computers lack qualita- 
tive intelligence, that is, the ability to identify those features that make 
each of us unique and different. They also are limited at doing in- 
novative and creative things; they lack inventive intelligence. While 
computers can generate some visual art and music, they cannot tell 
you if it is any good; they cannot appreciate or evaluate. 

A phrase used by people who work with computers is "^garbage in, 
garbage out.*' There is a lot of wisdom in that phrase. Computer sys- 
tems blindly manipulate symbol systems, images, sounds, icons, and 
the like with no cognition of their meaning. For example, the word- 

30 



30 



processing program I am now using has no idea whatsoever what I 
am typing. It merely processes the symbols I strike on the keyboard 
and follows my directions for editing. There is no question but that 
this software program significantly empowers me when it comes to 
writing. But it does not know what I mean by the words I choose 
for expressing my ideas. The same is true for computer-assisted in- 
struction, whether it is drill-and-practice, simulations, interactive 
video, games, tutorials, or hypermedia. The computer software has 
no idea of the messages being sent back and forth between teachers 
and students. Still, the computer software can empower both our abil- 
ity to teach and to learn. 
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Sharing the Best of Culture 



TThe personal computer and video camcorder have been with us for 
about only a decade — a tiny moment in time when we consider the 
thousands of years over which technology has evolved. Still, in just 
that flick of time, this technology has begun to transform the educa- 
tion process, even as we are transforming the technology. 

The technological tools available today for creating computer-based 
learning materials are incredibly more powerful than those introduced 
just a few years go. We can make our own movies with camcorders 
in our homes; we can publish our own books. Soon teachers and stu- 
dents will be able to use computer-video technology to produce their 
own learning materials. All it takes is time, know-how, and some 
funds. 

However, the technology cannot select the best of our culture for 
sharing with students. The technology is incapable of doing that. It 
cannot tell right from wrong. It cannot distinguish opinion from truth. 
It cannot appreciate beauty. In short, the new technology cannot evalu- 
ate the worth of the content that we embody in the medium That is 
our essential role as teachers. We must select the best of culture and 
share it with the next generation. Let us never forget it. 

As Alan Kay has said, "The best way to predict the future is to 
make it."" The future is in your hands, and you have some powerful 
tools to help mold it. 

Red Rover, Red Rover. 
Let technology come over. 
Ready or not. 
Here it comes! 
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